Colon cancer is the third most common cancer worldwide in both men and women [2] . It is a well known fact that lifestyle factors such as physical activity and nutrition impact on the risk of colon cancer development as reviewed in detail in a number of scientific publications [10, 20] . Even though the reduction of colon cancer risk by increasing physical exercise is well established, little is known about the underlying biological processes of this association. Different mechanisms such as enhanced immune functions, altered prostaglandin levels, decreased insulin/ insulin-like growth factor signalling, modulation of intestinal/ pancreatic hormone profiles or improved antioxidative defense have been proposed to mediate the effects. Only a few animal models exist which allow the study of influence of physical activity on colon cancer development or prevention [3, 6, 7, 22, 25, 26] . Investigations using these models have shown a significant reduction in the number of chemical-induced colon tumors in animals with enhanced activity levels.
The search for biomarkers [10] is being promoted in the area of sports medicine to establish intermediate biochemical or molecular endpoints that reflect the biological link between physical activity and colon cancer risk reduction. Along this goal, we have assessed the influence of voluntary running on the mRNA steady-state levels of a selection of target genes in rat colon mucosa. Genes were selected based on their proven correlation to physical activity or their involvement in the process of colon cancer development. The following mechanisms were addressed: vascularization (VEGF, HIF-1α, ODC-1), apoptosis (Bcl-2, PPARγ) and prostaglandin synthesis (COX-2). Genes involved in vascularization processes are induced by low oxygen conditions. VEGF as a key angiogenic factor is produced by ischemic tissue and growing tumors [9] , e.g., human colon cancer produces VEGF, whose expression is upregulated in tumor cells by both COX-2 and PGE 2 [5] . Prostaglandin synthesis is influenced in cancer development [19] , as well as after physical activity [15] . In addition, physical activity may induce the apoptotic cascade in different tissues, such as skeletal muscle, heart muscle, as well as in cancer cells [13] . In contrast, a growing tumor fails in inducing apoptosis or results in promoting cell survival [8] .
Materials and Methods

Animals
Twenty-nine male Wistar rats aged 6 weeks (194 ± 9 g body weight) were purchased from Charles River Laboratories (Sulzfeld, Germany) and housed under controlled environmental conditions (21 8C, 12:12-h light-dark cycle). Food (standard rodent chow from Ssniff, Soest, Germany) and water were given ad libitum. The animals were maintained according to the Guide for the Care and Use of Laboratory Animals (published by the U. S. Department of Health and Human Services). The study design was approved by the Regional Administration of the City of Cologne (Bezirksregierung Köln).
Voluntary running model
After 3 days of acclimatization, the animals were randomly divided into two groups: an exercise group (EX; n = 20) and a control group (CO; n = 9). The animals in the exercise group were housed in cages with free access to a running wheel assuring a stress-free running model. Running distances were recorded 24 hours a day with an online computer-based system (DasyLab 5.0 data collection system software from Datalog, Mönchenglad-bach, Germany). The voluntary physical exercise training period lasted for 12 weeks. During that time, the CO animals were housed individually in plain cages. The body weight (BW) of animals in both groups was assessed weekly.
Tissue collection
After completion of the 12-week training period, all animals were decapitated in approximately the same time window (9 -11 a. m.). Wheels and food had been removed from the cages 12 h prior to decapitation to minimize the influence of the last exercise bout and the last feeding on the expression of the genes of interest. The entire colon was separated, rinsed with Ringer's solution and prepared to be free of fat and feces. Subsequently, the colon was turned inside out to scrape off the mucosa. The isolated mucosa was transferred directly to liquid nitrogen and stored at -80 8C for further analysis. The heart (without the great vessels) was removed and weighed immediately.
mRNA analysis
Isolation of total RNA: Frozen tissue was homogenized in cell lysis buffer (Macherey-Nagel, Düren, Germany) using 2 ml Lysing Matrix D tubes (Q-BIOgene, Irvine, CA, USA) prefilled with 1.4-mm ceramic spheres and a FastPrep ® FP120A Instrument (Q-BIOgene, Irvine, CA, USA). In the following steps total RNA was isolated using the NucleoSpin ® RNA II-Kit (Macherey-Nagel, Düren, Germany) according to the manufacturer's instructions. The isolated RNA was dissolved in 60 μl of RNAse-free water. The concentration of each RNA preparation was calculated based on the optical density (OD) at 260 nm and the purity was checked by the absorption ratio of 260/280 nm (Biophotometer Eppendorff, Hamburg, Germany). In addition, a small portion of each RNA preparation was subjected to denaturating agarose gel electrophoresis (1 % agarose, formaldehyde containing) to determine the quality of the gained RNA by interpreting the 18S and 28S rRNA bands. Only high quality material was accepted and used for further analysis. cDNA synthesis: 0.5 μg of each total RNA were reverse transcribed into cDNA. Therefore, 0.5 μg total RNA, 8 μl 5 × MMLV reaction buffer (Promega, Mannheim, Germany), and 6 μl dNTP's (300 μM; Fermentas, St. Leon-Rot, Germany) and an adequate amount of nuclease-free water to get a final volume of 30 μl were mixed. Denaturation took place for 5 minutes at 65 8C. Afterwards, 0.4 μl random hexamers (0.2 μg/μl; Fermentas, St. LeonRot, Germany), 0.63 μl RNAse inhibitor (20 U/μl; Fermentas, St. Leon-Rot, Germany), 1 μl MMLV Reverse Transcriptase (200 U/ μl; Promega, Mannheim, Germany) and 7.37 μl nuclease-free water were added and samples were incubated for 1 h at 37 8C with a final step of 1 minute at 99 8C. Primer design: Highly purified salt-free (HPSF) primers from MWG (Ebersberg, Germany) were used. The concentration of the working solutions was 20 μM. Primer design was based on the LightCycler Probe Design Software, Version 1.0 (Idaho Technology Inc., Salt Lake City, USA, 2001). Optimal annealing temperature (AT) and quantification temperature (QT) were established by using the LightCycler ® (Roche, Mannheim, Germany). Melting curve analysis and final agarose gel electrophoresis were used to determine optimal experimental conditions. The quantification temperature for each reaction was set below the specific melting point of the relevant product. Primer sequences are listed in Table 1 . Quantitative realtime RT-PCR: For the final step in the analysis of gene expression, the SYBR Green I -Kit (Roche, Mannheim, Germany) was used. After denaturation of the cDNA for 5 minutes at 65 8C, a standard reaction mix for each sample was prepared: 1 μl cDNA (12.5 ng), 6.4 μl nuclease-free water, 1.2 μl MgCl 2 (final concentration: 4 mM), 0.2 μl of each primer (final concentration: 4 pmol) and 1 μl 10 × LCM-reaction mix (Roche, Mannheim, Germany). Samples were analyzed with the LightCycler ® (Roche, Mannheim, Germany). A standard protocol was used for the specific gene amplification: an initial step at 95 8C for 10 min activated the polymerase enzyme in the reaction mix. Further denaturation (95 8C, 15 sec.), annealing (AT, 10 sec.), elongation (72 8C, 20 sec.) and quantification (QT, 5 sec.) were performed using the optimal AT and QT for each primer pair as set above. To evaluate the specificity of the amplification, a final melting curve analysis step (AT up to 99 8C) under continuous fluorescence measurements was added. Sample crossing points were automatically calculated by the LightCycler ® Software 3.5 (Roche Diagnostics, Mannheim, Germany) based on the "second derivative maximum" method [21] . Two different Excel based applications (BestKeeper [18] and Rest © [17] ) were applied for the further analysis to ensure the reliability of the data. Using the two different programs, the data were tested for statistical significance, normality and reliability.
Calculations and statistics
Based on normality testing, all data are normally shown as the mean of the group (mean) ± standard deviation (SD). One-way analysis was used to compare the subgroups with the CO. Results were considered significantly different at a p-value < 0.05. The BestKeeper software was used to determine the best fitting housekeeping genes according to Pfaffl et al. [18] . The Rest© software [17] was then used to transform the raw data into a normalized x-fold expression ratio which gives the relative expression of a target gene between two groups normalized to the expression of the housekeeping genes.
Results
Running activity, weight progression and heart weight alteration Table 2 shows the mean running distances per night of the individual animals. Running distances varied from 1168 ± 880 m/ night up to 10 766 ± 3869 m/night. In an additional step, the EX group was subdivided into a low (L-EX, < 2629 m/night; n = 5), middle (M-EX, 3003 -7458 m/night; n = 10) and a high (H-EX, > 8314 m/night; n = 5) distance running group, and data were analyzed considering the EX group as a whole and partitioned. The progression of the mean running distances showed similar patterns in all groups with an increase in each group up to week 3. From week 5 onwards a decrease in the exercise activity was observed ( Fig. 1) . Fig. 2 shows the progression of BW during the course of the experiment. Although all animals gained weight throughout the program, the BWs of the M-EX and H-EX groups were consistently significantly lower than those in the CO group from week 4 until week 12 of the voluntary running exercise (p < 0.05). Animals in the M-EX (3.1 ± 0.2 g/kg BW) and H-EX (3.4 ± 0.1 g/kg BW) groups possessed a significantly (p < 0.05) higher heart mass (HM) per kg body weight compared to the CO group (2.7 ± 0.3 g/kg BW). HM per kg BW of the L-EX group was 2.7 ± 0.8 g/kg BW. Absolute HMs showed slight but not significant differences between the most exercising animals (H-EX: 1.5 ± 0.1 g; M-EX: 1.4 ± 0.2 g) and the least exercising animals (L-EX: 1.3 ± 0.1 g) and the control animals (CO: 1.3 ± 0.2 g), respectively. The corresponding BWs at the day of decapitation for the different groups were 477 ± 31 g for the L-EX, 446 ± 29 g for the M-EX, 442 ± 39 g for the H-EX and 499 ± 48 g for the CO group.
Gene expression data
The mRNA steady-state levels of the following genes proposed to be involved in and mediating the effects of physical exercise on the development of colon cancer were measured: Bcl-2, COX-2, ODC-1, HIF-1α, PPARγ and VEGF. The following housekeeping (HK) genes were used as reference genes: 18S, ALDA, GAPDH and β-actin.
Calculation of a BestKeeper index, choice of housekeeping genes and descriptive statistics of target genes
The BestKeeper software tool [18] was used to choose the most stable HK genes. Table 3 shows the HK genes and their calculated BestKeeper indices. The HK gene 18S was excluded in the following quantification process because it differed in many aspects from the three other HK genes, namely lower crossing points (CPs), higher minimum and maximum values of the CPs (Table  3 ) and low correlation coefficient (r < 0.6, data not shown) as Fig. 1 Mean daily running distance. Black rhombs (^) reflect the whole exercise group (EX, n = 20), small black squares ( ■ ) the low distance runners (L-EX, n = 5), black triangles (~) the middle distance runners (M-EX, n = 10) and black stars ( * ) the high distance runners (H-EX, n = 5). Fig. 2 Mean body weight over the course of the experiment. Black bars reflect the control group (CO, n = 9), hatched bars the low distance runners (L-EX, n = 5), checkered bars the middle distance runners (M-EX, n = 10) and corrugated bars the high distance runners (H-EX, n = 5); significant (p < 0.05) changes compared to the CO are indicated with an asterisk. Sample number (n), mean of the crossing point (CP), minimum (Min) and maximum (Max) of the CPs and standard deviation (SD) of the CPs are shown. X-fold variations between the CPs were calculated and shown as min and max x-fold changes regarding the mean CP, and finally, x-fold SD is shown. * BestKeeper [18] was calculated including β-actin, GAPDH and ALDA Table 4 shows the Pearson correlation coefficients (r) of the regression analysis of each target gene to the BestKeeper indices. High significant correlations for PPARγ, VEGF and HIF-1α were found. In contrast, no correlations were found for Bcl-2, COX-2, and ODC-1 and, therefore, these genes were used for further analysis.
Data analysis via REST©
Using the REST© software tool [17] , each gene was normalized to each single HK gene, as well as to the BestKeeper values. Table 5 shows the normalized regulation factors for the studied genes between the EX and the CO group. No indication of any significant regulation apart from ODC-1 was observed. Next, data for COX-2, ODC-1 and Bcl-2 were reanalyzed, taking into account the subdivision of the EX group based on running distances. Fig. 3 displays the results for ODC-1, COX-2 and Bcl-2 as the ratio between the target gene and the HK genes in relation to the CO group which was set as 1. No significant changes in the mRNA expression level of Bcl-2 was found (Fig. 3 a) . COX-2 showed a tendency of downregulation in the H-EX group, but this difference did not reach the level of significance (Fig. 3 b) . The only gene exhibiting significant changes when distinguishing the exercise groups was ODC-1, showing a 1.8-fold upregulation in the H-EX group (Fig. 3 c) .
Discussion
The contribution of physical exercise to the prevention of colon cancer [10] addresses many unanswered questions when it comes to the underlying biological processes. It was the aim of this study to assess changes in the expression levels of target genes in the rat colon mucosa for which it has been proposed that they either contribute to or mediate the effects of exercise on tissue homeostasis, renewal and apoptosis.
In our animal model, variations in the daily running activity (Fig. 1) displayed patterns similar to those described before [1, 22] . Large inter-individual variations in the running distances of the H-EX, M-EX, and L-EX groups were found. The observed increase in the heart mass per kg BW in the H-EX and M-EX subgroups reflects the adaptation to the exercise bout and confirms previous reports [1, 12] . The progression of body weights showed group-specific changes with highest and significant differences in the H-EX and the M-EX groups as compared to the control animals.
Gene expression analysis was performed by real-time RT-PCR using a number of housekeeping genes as reference genes, normal- izing the expression of the target genes to the expression of those housekeeping genes. However, as previously reported [24] , the expression of housekeeping genes is not always stable and unaffected by treatment. This stresses the importance of choosing a valid housekeeping gene for the normalization process. One possibility is the inclusion of more than one housekeeping gene. We found that three (GAPDH, β-actin, ALDA) of our four housekeeping genes remained unaffected by exercise and identified 18S rRNA as the most unstable housekeeping gene. However, previous studies in colon adenoma, cancers or normal colonic mucosa have frequently employed 18S rRNA as a reference gene and identified it as the most stable one [27] and, also, Bryner et al. [4] used 18S for normalization in a muscle mRNA expression study. The effect of exercise on mRNA expression levels of housekeeping genes has not been systematically studied and appears to vary in different tissues [11, 14, 16] . We therefore decided to normalize target gene expression to more than one housekeeping gene and employed the BestKeeper tool [11, 18] , an established tool to calculate BestKeeper-values by including several housekeeping genes.
Out of six selected target genes, only the gene encoding ODC-1 revealed a significant change in the mRNA expression level. None of the other genes involved in processes of vascularization (VEGF, HIF-1α), induction of apoptosis (Bcl-2, PPARγ) or prostaglandin synthesis (COX-2) were affected. Activity of ODC-1 is known to be increased after various stimuli including food intake and selected hormones, and this enzyme is being discussed as a regulator and modulator of gastrointestinal cell growth. The enzyme displays an early response to a variety of growth-promoting stimuli (reviewed in detail by Schipper and Verhofstad [23] ) and measurements of ODC-1 in rat muscle following endurance and resistance training revealed increased activity [28] . To date, there are not any experimental studies reporting changes in colon ODC-1 by exercise (neither mRNA, nor protein, nor activity level) and, therefore, the observation that ODC-1 is a target of an altered energy turnover as a result of enhanced physical activity is novel. With respect to the proposed role of ODC-1 as a marker of tissue damage and remodelling [23] , our finding may be taken as an indicator that physical activity leads to alterations in energy turnover or to metabolic changes, which in turn induce a remodelling of the colonic mucosa. Polyamines produced in a pathway in which ODC-1 acts as a rate-limiting enzyme have been shown to possess a protective effect on nuclear DNA after oxidative stress [29] . Therefore, it may be speculated that an increased transcription of ODC-1 may contribute to the protection of DNA in the colon mucosa. This is especially important in running animals which are exposed to higher oxidative damage as a result of physical activity. It remains unclear whether physical activity or nutritional variations (e.g., different amount of food intake, altered exposure of special nutrients) are responsible for the changes of gene expression in rat colon mucosa. In the meantime, unpublished data in follow-up experiments indicate that food intake increases strongly with physical activity compared to sedentary animals. Nevertheless, the body weight of active animals remains lower.
In summary, our data suggest that physical activity in its protective function to colon cancer development may secondarily evolve changes in protein levels and activity of ODC-1, thereby increasing oxidative defense and promoting tissue remodelling by removal of aberrant surface cells prior to transformation. This might be induced by changes in energy turnover or by alterations in the exposure of the colon mucosa to particular nutrients. These hypotheses, however, need to be proved by assessing time-dependent changes in ODC-1 mRNA levels, the detecting protein levels and activity states to substantiate its contribution to colon cancer risk reduction by physical activity. Future experiments should also take additional control groups (e.g., per-fed, per-weight) into account. This should clarify the influence of food intake, energy restriction and particular nutrient administration. Fig. 3 a to c X-fold regulation factors -control (CO) group is set as 1; exercise groups are shown in relation to the CO group. CO group (n = 9), low distance runners (L-EX, n = 5), middle distance runners (M-EX, n = 10) and high distance runners (H-EX, n = 5). Significant (p ≤ 0.05) changes are indicated with an asterisk.
